We studied the relationship between aortic baroreceptor function and aortic wall properties in normotensive (NTR) and spontaneously hypertensive (SHR) rats 10-20 weeks old. Baroreceptor discharge, static pressure-volume (P-V), and pressure-radius relationships were measured in excised aortic segments. Histological studies of wall thickness and receptor numbers also were made. Circumferential wall stress and strain were calculated, as was the incremental elastic modulus (EINC). EINC in NTR's at 100 mm Hg was similar to values reported for in vivo human, dog, and rat aortas. At 10 weeks, SHR's had significantly elevated blood pressure, but SHR and NTR aortas had similar relationships among pressures, volumes, strains, and EINC'S. Differences arose subsequently and, at 20 weeks, NTR aortas had larger volumes, larger strains, and smaller EINC'S at equivalent pressures, whereas SHR aortas were unchanged. Thus the reduced distensibility of SHR relative to NTR aortas, rather than being due to retrogressive changes from normal, appeared to result from a failure to pass through a phase of increased distensibility. At 10 weeks, SHR baroreceptors showed resetting in both pressure-response and strain-response curves, and it was concluded that early hypertensive baroreceptor resetting was due to primary changes in the receptors. At 20 weeks, the order of the strainresponse curves for NTR and SHR baroreceptors was reversed due to a reduction in strain sensitivity of NTR baroreceptors. Resetting of NTR baroreceptors during development may have important implications as a mechanism of blood pressure control in development.
BARORECEPTOR resetting is a crucial change in hypertension since it is impossible for the neural control system to operate effectively when the information it receives concerning blood pressure is incorrect. Resetting has been attributed to reduced distensibility of vessel walls and/or destruction of baroreceptors, 1 " 3 but recently reported results obtained in spontaneously hypertensive rats (SHR's) suggested that these explanations might not apply, particularly in the early phases of hypertension. 4 " 6 The present experiments were designed to examine this question. We found that resetting in aortic baroreceptors of 10-week-old SHR's is likely to result from a defect in the receptors themselves. In addition, NTR baroreceptors showed interesting functional changes during development.
Methods
Sixty male NTR's (Wistar-Kyoto strain) and 60 male SHR's (Okamoto-Aoki strain 7 ) were studied at 2-week intervals between the ages of 10 and 20 weeks. Three additional older rats were included in the histological studies to be described ( Table 3 ). The tail pressure of each animal was measured by the occlusive cuff technique in conscious animals the week prior to use. The methods of exposing the aorta and aortic nerve have been reported. 4 6 The aorta was isolated from its root to beyond the left subclavian artery, and all branches were cut between ligatures tied as closely to the aorta as possible. The isolated aortic segment was excised, trimmed of fatty tissue, blotted dry, weighed, and then transferred to a perfusion chamber of the type described previously. 4 ' 6 Connections were made to the perfusion system, pressure wave form generator (shaker), and pressure transducer (strain gage) through metal cannulas and stiff polyethylene tubing; the total dead space volume was 1.54 ml. Measurements of pressure and nervous activity were made as previously described. 4 ' 6 In four of the experiments on wall properties, Ca 2+ was omitted from the perfusate and Ca 2+ activities were measured directly using Ca 2+ selective electrodes kindly prepared for us by Dr. N. Hebert. The electrodes had selectivities over Mg 2+ , K + , and Na + of 3 x 10 4 , 1 X 10 5 , and 1 X 10 5 , respectively, and had slopes of 29 mV per 10-fold change of [Ca 2+ ] over the range of 1 X 10" 5 to 1 X 10~3 M and 20 mV per 10-fold change of [Ca 2+ ] over the range of 1 X 10~5 to 1 X 10~7 M. For statistical comparisons, Student's t-test was used.
Measurements of the Wall Properties of Excised Aortas
Dimensional measurements of excised aortas were made with an ocular micrometer (OM) and/or a piezoelectric sonomicrometer (SM), which has a flat (±5%) frequency response to 40 Hz. 6 With the first method, a dissecting microscope at 12x magnification was used; minor divisions of the OM were equivalent to 83 jim. Before removal from the rat, the length, / , of the aortic segment was measured with an ocular micrometer at zero pressure. The in vivo distance between the right and left carotid branches, as well as the cannula-to-cannula distance, were recorded. When the aortic segment was transferred to the perfusion chamber, it was fixed so as to correspond as closely as possible to its in vivo length by the metal cannulas. Diameter was measured approximately midway between the left carotid and left subclavian arteries as shown by the arrows in Figure 1 . When the OM was used, one person produced random step-wise changes in pressure from 0 to 200 mm Hg and a second person to whom the pressures were unknown read off the micrometer readings. The runs were repeated until two to four readings at each pressure agreed within 5%. When SM was used, the piezoelectric crystals were fixed to measure a diameter normal to that measured under OM ( Fig. 1 ).
Pressure-volume measurements were made in the steady state using injected volumes of Krebs-Henseleit solution. The volumes were injected in 10-/il steps using a 250-jul Hamilton microsyringe with divisions of 5 jul. To assess the initial or zero pressure volume, the syringe was withdrawn until the aortic segment was completely collapsed. The withdrawn volume was used as the initial volume at zero pres- sure, and was usually aspirated with pressures of -15 to -25 mm Hg.
Calculations of Stress, Strain, and Incremental Elastic Modulus
The factors acting on aortic baroreceptors may be better understood when they are expressed as wall stress and wall strain rather than distending pressure. In length-fixed aortas, the longitudinal strain is relatively constant 8 so that the primary strain acting on the aortic segments we used was considered to be circumferential. Circumferential stress a, was calculated as a = P r/h (1) where P was the distending pressure; r, the mean radius; and h, the calculated wall thickness. The latter was determined as r e -n where rj the internal radius was derived from r e the external radius as r; = (r e 2 -V w /m(
V w is the volume of the excised aorta and was assumed to be a right cylinder for calculations of r; and was calculated from its weight, using a density of 1.06. 9 Direct measurements of wall thickness, h', were also made in the histological studies described in the next section. Circumferential wall strain, e, in response to an increment in pressure was calculated as the ratio of the change in radius Ar, and the initial zero pressure radius, r 0 .
To compare further the mechanical properties between NTR and SHR aortas, as well as among aortas of other species, the incremental elastic modulus (EINC) was calculated according to Bergel's formula 10 as follows: E, NC = (AP/Ar)2(l -
where 6 the Poisson ratio was assumed to be 0.5. EINC was determined for stepwise AP's of 20 mm Hg using calculated values of n at each of these pressures.
Histological Studies
Preparation of aortic specimens for histological examination was done after measuring their physical properties. A piece of aortic wall from the region innervated by the aortic nerve at the arrows shown in Figure 1 was excised and pinned without stretching onto a small piece of Sylgard. Preparation of the aortic nerve for measurements of the ratios of myelinated and unmyelinated axons was done in separate experiments. The aortic nerve was cut close to the arch, and this end was marked with thread. The nerve then was stretched slightly and pinned to Sylgard. In both sets of experiments the specimens were placed in vials of fixative consisting of 3% glutaraldehyde in 0.1 M piperazine-N,N'-bis(2ethane-sulfonic acid) (PIPES) buffer, pH 7.6. After VOL. 43, No. 5, NOVEMBER 1978 overnight fixation at 4°C, the specimens were rinsed in buffer, postfixed for lh in 1% OsO 4 in 0.1 M PIPES, dehydrated in ethanol, and embedded in Epon. Specimens of nerve were removed from the Sylgard just before the last change in 100% ethanol. Sections 1 /on thick were cut on a DuPont MT-2B ultramicrotome and stained with methylene blue and azure II. The sections of aorta were examined and measured with an Olympus EH light microscope. For counting fibers in the aortic nerve, thin (80-nm) sections were cut from the end closest to the arch and mounted on grids coated with collodion and carbon. All portions of the nerves were photographed with a Phillips 300 electron microscope, and a large composite photograph of each nerve cross-section was made. The fibers were counted with a device we constructed which registered a count when a probe was pushed through the print to make electrical contact with a metal plate.
Results

Blood Pressures in Young SHR's and NTR's
At ages between 10 and 20 weeks, mean values for the tail systolic blood pressures were significantly greater in SHR's. Figure 2 shows that, in Wistar-Kyoto controls, these pressures remained at about 135 mm Hg throughout the study. However, in SHR's, these pressures were 166 mm Hg at 10 weeks and rose to about 200 mm Hg at 20 weeks. The results are consistent with previous reports that blood pressure in SHR's is elevated soon after birth and continues to rise eventually reaching a plateau. 7 Figure 3 compares the mean static P-V relationships for aortic arch segments from groups of NTR's and SHR's at 10 and 20 weeks of age. Aortas from 10-week-old rats of both groups had similar, almost linear, P-V relationships between zero and 200 mm Hg (Fig. 3A ). By 14-16 weeks, however, significant differences began to emerge and, at 20 weeks, the NTR volumes exceeded those of SHR's at equivalent pressures >80 mm Hg, and these increases were statistically significant ( Fig. 3B ). At 20 weeks, the P-V relationship of SHR's showed a small increase in slope and remained almost linear between zero and 200 mm Hg. However, the relationship in NTR's had become increasingly sigmoidal with a maximum distensibility near 100 mm Hg. Similarly shaped curves of relative radius vs. pressure were reported for NTR's by Berry and Greenwald. 11 The volumes at any pressure were smaller than those described previously. That study used larger aortic segments in which zero pressure volumes were not estimated. 4 The present P-V curves were not altered when zero Ca 2+ solutions, in which measured Ca 2+ activities were 10~6 M, were used. To summarize, at 10 weeks, NTR and SHR aortas were equally dis- tensible but, at 20 weeks, NTR aortas had become clearly more distensible.
Static Pressure-Volume (P-V) Characteristics of NTR and SHR Aortas
Stress-Strain Characteristics of NTR and SHR Aortas
The weights and lengths of excised aortic segments from 10-and 20-week-old rats are summarized in Table 1 . The values for r e were equivalent, using either SM or OM, and are shown in Table 2 . The average value for h' measured directly and the weights for similar lengths were greater in SHR's. Values for r e were also generally larger in SHR's. Larger values of h were calculated in SHR's as shown in Table 2 . The values for / , h, and V w are less than those reported by Berry and Greenwald 11 for thoracic and abdominal aortas from normotensive Wistar rats 12-20 weeks of age. Our animals also weighed less than theirs. The relative wall thickness, h/r e , ranged from 0.04 to 0.10, and these values are similar to those reported earlier for rat and dog aortas. 10 ' n Aortic wall stress as a function of distending pressure is shown in Figure 4 , using values for mean r and h from Values are means ± SEM and were taken at zero pressure. ' P < 0.02.
NTR's were between 10 and 20 weeks of age, the mean wall stress increased significantly (P < 0.05) at pressures above 140 mm Hg. This resulted from a larger increase in radius compared to wall thickness during this period ( Table 2 ). In SHR's between 10 and 20 weeks of age, however, the mean wall stress dropped significantly (P < 0.05) above 140 mm Hg due to large increases in wall thickness {P < 0.01), whereas radius remained relatively constant. At both ages, the NTR's had significantly (P < 0.05) greater wall stresses at pressures above 140 mm Hg. Circumferential wall strain as a function of distending pressure is plotted in Figure 5 . The pressure-strain relationships did not differ at 10 weeks, but by 20 weeks NTR's required much lower pressures to attain equivalent wall strains. The pressure-strain curves were similar among SHR's 10 and 20 weeks of age and NTR's 10 weeks of age, whereas NTR's 20 weeks of age showed significantly greater distensibility. The increase in distensibility was detected as early as 14 weeks, but we have not followed its total time course. Similar increases in distensibility were reported for NTR aortas by Berry et al., 12 although these occurred at about 10-14 weeks in their study and were followed by reductions in distensibility with further aging.
The importance of using derived values of wall thickness, h, was assessed by comparing the values for wall stress and EINC using h or a single value for wall thickness, h', which was measured directly. The use of a constant value h' in determining wall stress and EINC did not change the shapes of their relationships to pressure and strain, respectively (see for example, Figure 6A ), nor the conclusions drawn from them.
Incremental Elastic Modulus of NTR and SHR Aortas
EINC at 100 mm Hg was similar for aortas taken from both NTR's and SHR's (3.3-4.4 X 10 6 dynes/cm 2 ) and was similar to values reported for aortas of dogs, rats, and humans at the same distending pressure. 111314 Values for EINC in SHR's and NTR's 10 and 20 weeks of age over pressures ranging from 0 to 200 mm Hg are shown in Table 2 . A more complete comparison was obtained by plotting EINC as a function of strain. EINC was relatively flat initially and began to increase at strains of about 0.3. The curves were similar for NTR's and SHR's 10 weeks in age ( Fig. 6A ) and, as already noted, there was very little difference when a single value of h' was used rather than the calculated h values using constant wall volume assumptions. At 20 weeks, Ei NC for NTR's began to increase at much higher wall strains than those required in 20-weekold SHR's and 10-week-old NTR's and SHR's ( Fig.  6B ). As we shall see, the thresholds for discharge occurred at strains greater than about 0.3 so that the receptors are activated when EINC is undergoing its greatest change.
Relationship between Aortic Wall Characteristics and Aortic Baroreceptor Discharge in NTR's and SHR's
Resetting and reduced sensitivity as a function of distending pressure have been demonstrated repeatedly in SHR baroreceptors. 3 ' "• 15 The pertinent relationships, however, are those among discharge and wall stress and/or wall strain. We have evaluated these relationships as shown in Figure 7 . First, steady state discharge was plotted as a function of static distending pressure (Fig. 9A) . The curves were predicted from an equation which fits the actual values for threshold and maximum asymptotic discharge of 11 NTR baroreceptors and 9 SHR baroreceptors to distending pressure (Equation 1
and Table 1 of Reference 4). Resetting and reduced sensitivity are evident in the SHR baroreceptor curve. Similar results have been reported in subsequent experiments 5 and were observed presently, although in less detail. These earlier receptor studies used rats 16-20 weeks of age, and the discharge can be compared to the vessel wall measurements made presently in rats 20 weeks of age. The steady state discharge as a function of wall stress or wall strain is shown in parts B and C, respectively, of Figure 7 . The wall stresses of NTR and SHR aortic segments were quite different in 20-week-old rats, and the plot of steady state discharge (Fss) vs. wall stress in Figure 7B shows that the differences between NTR and SHR baroreceptors were not so marked as in the Fss-pressure curves. Moreover, curves of discharge vs. wall strain were now reversed, the SHR curve being to the left of the NTR curve (Fig. 7C) . The variability in the computed circumferential wall strains for 20-week-old animals was so large that the differences were not statistically significant. Note that the relationship between Fss and wall strain was more linear than the relationship between Fss and either pressure or wall stress.
The results in 16-to 20-week-old SHR's indicated that alterations in aortic wall characteristics were responsible for resetting, and it appeared that SHR baroreceptors at 20 weeks were if anything more sensitive to strain than NTR baroreceptors. Since differences in the pressure-volume and stress-strain relationships of NTR and SHR aortic segments were not present at 10 weeks of age, we examined Fas in these younger rats for the possibility of resetting. Eleven baroreceptors from 6 NTR's and 17 baroreceptors from 8 SHR's were examined. As Figure 8 shows, thresholds for pressure and strain were higher in 10-week-old SHR's. The mean pressures at threshold discharge were 137 ± 27 and 103 where F, s is static discharge rate, P», is threshold pressure for discharge, P is suprathreshold pressure, F o is minimum discharge, l/a o is asymptotic discharge, and a\ is the shape factor* Discharge data in the present experiments were similar but less complete, and the earlier discharge data were used for the plots B and C. The points in B and C relating discharge to stress and strain used measured values of stress and strain corresponding to appropriate pressures in A. Bars are ± SE, and the lines in C are least squares best fits, NTR r 2 = 0.993, SHR r 2 = 0.972. Note the reversal of SHR and NTR curves in C. 8 Histogram displaying the distribution of baroreceptor thresholds for pressure and strain in 10-week-old NTR's and SHR's. ± 18 mm Hg for SHR's and NTR's, respectively, and these differences were highly significant (P < 0.01). The means of the strain thresholds were 0.301 ± 0.021 and 0.370 ± 0.025 for NTR's and SHR's, and these differences were also highly significant. Almost half of the SHR baroreceptors recorded from had thresholds above 140 mm Hg, which was the highest threshold pressure recorded in the 10week-old NTR's that were examined (Fig. 8 ). Thus resetting had clearly occurred at a time when aortic wall characteristics were unchanged. The bimodal threshold distributions for NTR's probably reflected the presence of receptors with myelinated axons (lower thresholds) and unmyelinated axons (higher thresholds), and the two modes had values similar to mean values previously reported for receptors having myelinated and unmyelinated axons, respectively. 4 ' 16 The bimodal distributions for SHR's probably had a similar explanation, judging from the recent report of Jones and Thoren. 17 The respective threshold pressures for 10-weekold NTR's and SHR's were almost identical to respective values reported earlier for rats that were 16-20 weeks old. Maximum asymptotic discharges were recorded only infrequently in the present experiments but corresponded to earlier values also. 4 Therefore it was of interest to examine the relationship between static discharge and either pressure, stress, or strain, as was done for the 16-to 20-weekold rats in Figure 7 . The procedure was identical and the results are shown in Figure 9 . The significant difference between NTR and SHR barorecep-tors is evident by comparing parts C of these two figures. At 10 weeks, the curve for SHR baroreceptor discharge vs. strain is displaced to the right of the curve for NTR baroreceptors, significantly so, at threshold. The scatter at suprathreshold strains is so large that the differences are not significant. By contrast, between 16 and 20 weeks, the SHR curve was displaced to the left of the NTR curve. Note, however, that the SHR curve had changed very little between 10 and 20 weeks, whereas the NTR strain curve had shifted considerably to the right indicating, surprisingly, that resetting of NTR baroreceptors had occurred during this period.
FIGURE 6 Relationship between aortic incremental elastic modulus, in 10-week-old SHR's and NTR's (A) and 20-week-old rats (B). E m c and aortic wall strain calculated as described in text. Values for EINC (mean ± SE) are given in
Histological Studies
The values for wall thickness were larger for SHR aortas (Tables 1 and 2 ). The number of laminas in the media were not different between the two groups, and their thickness appeared similar. The adventitia averaged about 0.75 times the thickness of the media, and wall thickness was calculated as 1.75 times the media thickness. Our histological studies (Table 1) showed that h' measured at zero mm Hg distending pressure was larger for SHR aortas at zero mm Hg at 20 weeks, but the difference was not significant statistically. Values for h compared favorably with the measured value, h' (Tables  1 and 2 ). There were no obvious differences in the appearance of the receptors in NTR and SHR aortas, but a quantitative comparison was not made. There was no evidence of receptor degeneration or increased Schwann cell activity in the SHR .55
FIGURE 9
Relationship for 10-week-old rats among aortic baroreceptor discharge and aortic pressure (A), aortic wall stress (B), and aortic wall strain (C). The curves were computed as for Figure 7 and further described in the text. The lines in C are least square fits, NTR's, r 2 = 0.968, SHR's, r 2 = 0.998.
aortas. The lower threshold receptors have myelinated axons, 16 and if resetting were due to selective destruction of low threshold fibers and degeneration extended backward to the axons, it might be anticipated that differences in the ratios of unmyelinated-to-myelinated axons between SHR and NTR aortic nerves might be present. However, no such differences were found (P < 0.95), and the average ratios were 9.4 ± 3.3 in five NTR's and 9.8 ± 3.7 in five SHR's ( Table 3 ). In addition, there were no morphological differences between SHR and NTR receptor endings in the vessel wall.
Discussion
The major findings of the present experiments are that hypertensive baroreceptor resetting in its earliest stages occurs without any reduction in vessel wall distensibility and that baroreceptor function is altered considerably in normotensive rats between 10 and 20 weeks of age. These two results are discussed separately in the subsequent sections.
Hypertensive Baroreceptor Resetting
Four possible mechanisms for hypertensive baroreceptor resetting exist: (1) decreased vessel wall distensibility leading to reduced strain or deformation of the receptors, (2) selective destruction of low threshold receptors, (3) uncoupling of the receptors from the vessel wall, or (4) resetting of the receptors themselves. The present experiments seem to exclude the first two possibilities because, in 10-weekold SHR's, resetting is present although distensibility is unchanged and, in SHR's 20 weeks of age, receptor destruction is absent. It appears from the threshold histograms (Fig. 8 ) that a relatively larger proportion of receptors having unmyelinated axons was sampled in the SHR's, so true threshold differences may be even greater, since it has recently been reported that hypertensive resetting does not shift threshold pressure as much for receptors with unmyelinated axons. 17 Since these results lead to conclusions regarding resetting contrary to those generally proposed, 1 ' 2 ' 18 it is important to assess the adequacy of the methods we have used to measure wall stress, wall strain, and receptor destruction. We already have noted that the pressure-response characteristics of in vitro and in vivo aortic baroreceptors are similar 4 and that EINC'S of in vitro and in vivo aortae are similar. 14 The determination of static wall characteristics relies on our measurements of pressure, aortic dimensions, and aortic wall thicknesses. The pressure measurements were made with standard strain gauge manometers, and there is no possibility that systematic errors between SHR's and NTR's were made. The dimensional measurements were made in excised aortas using optical and sonar methods, and the cross-sectional dimension of the aortic arch between the left carotid and left subclavian arteries was similar with either method. Loading of the vessel wall by the piezoelectric crystals therefore is probably insignificant. In addition, calculations of wall thickness h which depend on r e measurements were in reasonable agreement with histological measurements, h'.
The pressure-volume curves were not changed when Ca 2+ activity in the perfusate was about 10~6 M. If Ca 2+ activity outside the aortic smooth muscle cells is also about 10 6 M, this suggests that Ca 2+dependent smooth muscle tone has not affected vessel wall properties measured presently and supports the conclusion that the curves reflect passive wall properties. There are differences between the measured values for r e used to calculate the strain data in Figure  5 and the radius which might be expected based on the volume data in Figure 3 . Thus in 10-week-old NTR's at 200 mm Hg, r 2O o = 1.6 r o and the predicted V200 assuming a right cylinder should be about (1.6) 2 X V o or 3.0 V o . It is about 4.5 in Figure 3 , however. The discrepancy is probably due to the assumption about the geometrical shape in distended aortic arch segments. The true volume is better described by a truncated oblate spheroid than a right cylinder. However, we did not feel that this discrepancy warranted using the more complicated volume formula.
The shapes of our strain-pressure curves and the values of our EINC'S are consistent with those reported earlier for NTR's of the Wistar strain by Berry and Greenwald," given the differences in methods and animals. Thus they measured n using hypertonic radio-opaque dyes (95% barium sulphate), after flushing the entire aorta at high pressure (300 mm Hg), and examined the entire thoracic and abdominal aortas. Their Wistar control animals were larger than our Wistar-Kyoto controls, and their values for relative wall thickness, segment length, and aortic weight were also greater. They measured strain differently and, using their reported values for related radius, we calculated strain according to our method and found their animals had larger values than ours. They also produced hypertension by nephrectomy plus implanted deoxycorticosterone acetate so that their hypertensive data were not comparable to ours. However, our results with NTR's are in general agreement so that our data on SHR's are also likely to be reliable and lead us to conclude that, at 10 weeks, the aortic wall properties of SHR's and NTR's are similar but, at 20 weeks NTR aortas have become more distensible, whereas SHR aortas have not changed. In an earlier publication, Berry et al. 12 also found that aortic distensibility initially increased in young animals and subsequently decreased. We have not made systematic measurements in older NTR's, but the few we have made are consistent with a reduction in distensibility in animals older than 25-30 weeks. Biochemical differences such as those reported by others 19 ' 20 were not examined.
The observation that SHR receptors appeared normal in the light and electron microscopes is not invalidated by the fact that the observation is qualitative. The fact that the ratio of unmyelinated-tomyelinated axons in the aortic nerve is similar in NTR's and SHR's suggests that low threshold receptors have not been selectively destroyed, assuming that degeneration might extend backward sufficiently for it to be measured with this method. Even if this were not the case, there was no evidence of damage closer to or around the parts of the receptors within the vessel wall. The increased Schwann cell activity which often accompanies degeneration 21 ' 22 was also not observed. Abnormalities of receptor discharge patterns might also have been expected but, again, this was not observed.
If our methods for evaluating wall strain, wall structure, and receptor destruction are acceptable, then the results indicate that hypertensive baroreceptor resetting in 10-week-old rats must be due either to receptor uncoupling (mechanism 3) or to a primary receptor change (mechanism 4). We already have shown that the dynamic properties of baroreceptors from 20-week-old SHR's and NTR's do not differ 6 and, since the dynamics reflect coupling properties, mechanism 3 seems unlikely. We are left, therefore, with mechanism 4, a primary change in the receptors. One possibility might be that the membrane sodium-to-potassium conductance ratio in hypertensive baroreceptors is lower than normal, and we have recently shown that such a difference could in principle account for resetting and reduced sensitivity. 5 Another possibility might be differences in activity of the electrogenic Na + pump known to operate in baroreceptors. 23 The likelihood that baroreceptor membranes of SHR's are different may be supported by the observations that membrane permeabilities and transport of Na + and K + are altered in vascular smooth muscle 24 ' 25 and red blood cells of SHR's. 26 ' 27 The observations on RBC's have been recently extended to humans with hypertension. 28 Primary changes in SHR baroreceptors might be produced by genetic or pressure-induced differences, and a common feature might be that SHR baroreceptors are genetically susceptible to increases in pressure. This idea is not dissimilar from the theory regarding essential hypertension proposed by Folkow et al. 29 This theory proposes that SHR arterioles are genetically susceptible to functional and, subsequently, structural alterations produced by increases in pressure. If threshold and sensitivity of SHR baroreceptors were also genetically susceptible to alterations in blood pressure, then it is possible that fluctuations in pressure occurring on a chance basis could lead to resetting. It is also of interest that the increase in distensibility of NTR aortas that occurs with age does not occur in SHR aortas, possibly for similar reasons. The relative contributions of genetic and pressure factors to resetting are currently under examination.
Baroreceptor Function during Development in NTR's and SHR's
The pressure thresholds for discharge in the present experiments were almost identical to values obtained in three separate sets of experiments described already." 5 16 The justification for using earlier values for maximum asymptotic discharge is that similar values were obtained in the present experiments although in fewer instances. The reproducibility of the results probably reflects both the uniformity of experimental animal models, SHR's and NTR's, and the standard conditions of our in vitro methods. It is a considerable advantage, since a large data base can be accumulated.
As we have noted already, at 10 weeks of age, the wall characteristics of NTR and SHR aortas are equivalent. Between 10 and 20 weeks, NTR aortas become more distensible but SHR aortas do not. It appears as if the hypertensive disorder, rather than increasing aortic wall stiffness, interferes with the normal development of distensibility. Whatever the reason, at 20 weeks, SHR aortas are less distensible and EINC is greater. The threshold strains are actually reversed as are the suprathreshold dischargestrain curves (Fig. 7) . This raises the possibility that baroreceptors in stiff vessels may be set to discharge at smaller strains; that is, the receptors themselves are actually more sensitive under these circumstances.
However, the most surprising finding in the present experiments was that NTR baroreceptors became less sensitive to strain between 10 and 20 weeks of age. NTR aortas have a phase of increased distensibility during the same period as previously reported. 12 The rats undergo puberty at about 12 weeks of age, 12 so that it seems reasonable to refer to these changes as developmental. This resetting of NTR baroreceptors should be considered in the light of the following facts. As NTR's develop between 10 and 20 weeks, their aortas become larger (Table 2 ) and more distensible, producing a large increase in wall strain. Without resetting, NTR baroreceptor discharge would be increased at the operating pressure and this would tend to reduce blood pressure reflexly. However, NTR baroreceptors become less sensitive to strain, which serves to maintain their pressure-response curves constant during this period. This adaptive response is probably of great importance because it indicates that, during normal development, some process acts to maintain a constant relationship between baroreceptor activity and blood pressure despite changing conditions in the vessel wall.
